The Framingham Risk Score (FRS) was developed to predict coronary heart disease in various populations, and it tended to under-estimate the risk in chronic kidney disease (CKD) patients. Our objectives were to determine whether FRS was associated with cardiovascular events, and to evaluate the role of new risk markers and echocardiographic parameters when they were added to a FRS model. This study enrolled 439 CKD patients. The FRS is used to identify individuals categorically as ''low'' (,10% of 10-year risk), ''intermediate'' (10-20% risk) or ''high'' risk ( § 20% risk). A significant improvement in model prediction was based on the 22 log likelihood ratio statistic and c-statistic. ''High'' risk (v.s. ''low'' risk) predicts cardiovascular events either without (hazard ratios [HR] 2.090, 95% confidence interval [CI] 1.144 to 3.818) or with adjustment for clinical, biochemical and echocardiographic parameters (HR 1.924, 95% CI 1.008 to 3.673). Besides, the addition of albumin, hemoglobin, estimated glomerular filtration rate, proteinuria, left atrial diameter .4.7 cm, left ventricular hypertrophy or left ventricular ejection fraction,50% to the FRS model significantly improves the predictive values for cardiovascular events. In CKD patients, ''high'' risk categorized by FRS predicts cardiovascular events. Novel biomarkers and echocardiographic parameters provide additional predictive values for cardiovascular events. Future study is needed to assess whether risk assessment enhanced by using these biomarkers and echocardiographic parameters might contribute to more effective prediction and better care for patients.
Introduction
Chronic kidney disease (CKD) is an increasingly noted worldwide public health problem associated with increased morbidity and mortality, and cardiovascular disease is a major cause in CKD patients [1, 2] . Such an excessive cardiovascular risk is in part attributed to the high prevalence of traditional risk factors among people with CKD, including hypertension, diabetes and dyslipidemia, but may also relate to presence of other nontraditional risk factors [3] [4] [5] [6] [7] . Identifying these risk factors and acquiring preventive and interventional strategies is an initial and essential step in managing patients with CKD.
The Framingham Risk Score (FRS) allows clinicians to estimate the individual patient risk of coronary heart disease by using traditional cardiac risk factors including age, gender, systolic blood pressure, treatment of hypertension, total cholesterol, high-density lipoprotein (HDL) cholesterol, and cigarette smoking [8] . In patients with CKD, non-traditional factors such as anemia, renal insufficiency, albuminuria, malnutrition and structural and functional abnormalities of heart are prevalent and may increase the risk of cardiovascular disease [3] [4] [5] [6] [7] 9] . It has been noticed that the traditional risk factors in CKD patients may differ from those in the general population [10] . Weiner et al. reported that FRS showed poor overall accuracy in predicting cardiac events in individuals with CKD [11] . Improvements in risk prediction other than FRS with new risk markers including metabolic syndrome, C-reactive protein, coronary artery calcium score, carotid intimamedia thickness, ankle brachial index and pulse wave velocity have been reported in various populations [12] [13] [14] [15] [16] . Our recent study shows that echocardiographic parameters including left atrial size, left ventricular hypertrophy and left ventricular systolic function, help predict adverse cardiovascular outcomes in patients with CKD [17] . However, whether new risk markers can improve cardiovascular disease risk prediction besides FRS remains unclear in CKD. Our previous study showed that the prevalence of cardiovascular disease was up to 15.1% in moderate to advanced CKD [18] . Hence, the objectives of the present study are to determine (1) whether FRS is associated with cardiovascular events, and (2) whether the new biomarkers and echocardiographic parameters can be more predictive when they are added to the FRS model in CKD patients.
Subjects and Methods

Study Patients and Design
The study was conducted in a regional hospital in southern Taiwan. We consecutively recruited 518 pre-dialysis patients with stages 3 to 5 of CKD according to the National Kidney Foundation-Kidney Disease Outcomes Quality Initiative (K/ DOQI) guidelines [19] from January 2007 to May 2010. We classified our patients with evidence of kidney damage lasting for more than 3 months into CKD stage 3, 4, and 5, based on estimated glomerular filtration rate (eGFR) level (mL/min/1.73 m 2 ) of 30 to 59, 15 to 29, and ,15 respectively. The study patients received regular follow-up at our Outpatient Department of Internal Medicine. They were selected to take part in this study if they agreed to receive echocardiographic examination. Three patients refused echocardiography examinations due to personal reasons. Five patients with significant mitral regurgitation and five others with inadequate image visualization were also excluded. Significant mitral regurgitation was defined as the regurgitant jet area more than 20% of the left atrial area [20] . To calculate FRS, we also exclude patients without HDL-cholesterol data (n = 5), and those with age older than 80 years (n = 61). Finally, a total of 439 patients were included.
Ethics Statement
The study protocol was approved by the Institutional Review Board of Kaohsiung Medical University Hospital (KMUH-IRB-20110158). Informed consents were obtained in written forms, and all clinical investigations were conducted according to the principles expressed in the Declaration of Helsinki. The patients gave consent for the publication of the clinical details.
Evaluation of Cardiac Structure and Function
The echocardiographic examinations were performed by the same cardiologist with a VIVID 7 (General Electric Medical Systems, Horten, Norway), with the participants resting in the left decubitus position. The examiner was blind to the biochemical data. Two-dimensional and two-dimensionally guided M-mode images were recorded from the standardized views. The echocardiographic measurements included left atrial (LA) diameter, left ventricular internal diameter in diastole (LVIDd), left ventricular posterior wall thickness in diastole (LVPWTd), interventricular septal wall thickness in diastole (IVSTd), peak early transmitral filling wave velocity (E) and peak late transmitral filling wave velocity (A). Left ventricular systolic function was assessed by left ventricular ejection fraction (LVEF). Left ventricular mass was calculated using the Devereux-modified method, i.e. left ventricular mass = 1.04 6 [(IVSTd+LVIDd+LVPWTd) 3 -LVIDd 3 ] -13.6g [21] . Left ventricular mass index (LVMI) was calculated by dividing left ventricular mass by body surface area. Left ventricular hypertrophy (LVH) was defined as suggested by the 2007 European Society of Hypertension/European Society of Cardiology Guidelines [22] .
FRS Score Calculation and Risk Category
The FRS was calculated based on a model comprised of age, gender, total cholesterol, HDL-cholesterol, systolic blood pressure, treatment of hypertension and cigarette smoking [8] . FRS identified individuals categorically as ''low'' (,10% 10-year risk), ''intermediate'' (10-20% risk) or ''high'' risk ( § 20% risk).
Collection of Demographic, Medical, and Laboratory Data
Demographic and medical data including age, gender, smoking history (current versus former), and co-morbid conditions were obtained from medical records or interviews with patients. Study subjects were defined as having diabetes mellitus (DM) if the claimed records had ICD-9 code 250.00 to 250.90, or the fasting blood glucose level was greater than 126 mg/dL, or hypoglycemic agents were used to control blood glucose levels. A similar definition was applied to hypertension with an ICD-9 code of 401.9, diagnosed by a physician, a systolic BP$140 mmHg or diastolic BP$90 mmHg, or using antihypertensive medications irrespective of BP. Cerebrovascular disease was defined as a history of cerebrovascular accident including cerebral bleeding and infarction. Coronary artery disease was defined as a history of angina, ischemic change on electrocardiogram, history of myocardial infarction, or having undergone coronary bypass surgery or angioplasty. The body mass index was calculated as the ratio of weight in kilograms divided by square of height in meters. Laboratory data were measured from fasting blood samples using an autoanalyzer (Roche Diagnostics GmbH, D-68298 Mannheim COBAS Integra 400). Serum creatinine was measured by the compensated Jaffé method (kinetic alkaline picrate) in a Roche/ Integra 400 Analyzer (Roche Diagnostics, Mannheim, Germany) using a calibrator traceable to isotope-dilution mass spectrometry [23] . The value of eGFR was calculated using the 4-variable equation in the Modification of Diet in Renal Disease (MDRD) study [24] . Proteinuria was examined by dipsticks (HemaCombistix, Bayer Diagnostics). A test result of 1+ or more was defined as positive. Blood and urine samples were obtained within 1 month of enrollment.
Definition of Cardiovascular Events
Cardiovascular events were defined as cardiovascular death, hospitalization for unstable angina, nonfatal myocardial infarction, sustained ventricular arrhythmia, hospitalization for congestive heart failure, transient ischemia attack, and stroke. Cardiovascular events were ascertained and adjudicated by two cardiologists with disagreement resolved by adjudication from a third cardiologist from the hospital course and medical record. The study subjects were followed either until the first episode of cardiovascular events occurred or until February 2011.
Statistical Analysis
Statistical analysis was performed using SPSS 15.0 for Windows (SPSS Inc. Chicago, USA). Data were expressed as percentages, mean 6 standard deviation, or median (25 th -75 th percentile) for triglyceride. The study patients were stratified into 3 groups according to FRS categories. Multiple comparisons among the study groups were performed by one-way analysis of variance (ANOVA) followed by post hoc test adjusted with a Bonferroni correction. Time to cardiovascular events and covariates of risk factors were modeled using the Cox proportional hazards model. A significant improvement in the Cox proportional hazards model prediction was based on the -2 log likelihood ratio statistic, which followed a difference in likelihood and the P value was based on the incremental value compared with the FRS model. A difference was considered significant if the P value was less than 0.05. To determine whether adding the new variable to FRS improved risk prediction, we used the c-statistic. The risk score was then used to calculate the predictive validity of each model using the receiveroperator characteristics (ROC) curve analysis [25] .
Results
The mean age of the 439 patients was 64.0611.1 years. There were 143, 116 and 180 patients in the ''low'', ''intermediate'' and ''high'' risk categories respectively. The comparison of baseline characteristics among patients with different FRS categories is shown in Table 1 . Compared with patients with ''low'' risk, patients with ''intermediate'' risk were found to be older, more likely to be male, had higher prevalence of being a current smoker, and had lower LVEF. In addition, compared with patients with ''low'' risk, patients with ''high'' risk were older, more likely to be male, and had higher mean arterial pressure, higher pulse pressure, lower albumin, higher fasting glucose, lower HDLcholesterol, higher low-density lipoprotein (LDL) cholesterol, higher LA diameter, higher LVMI, lower LVEF and lower E/A. 
Relation of FRS Category to Cardiovascular Events
The mean follow-up period was 26.5612.3 months (range 6-50 months). Seventy cardiovascular events (15.9%) were recorded during the follow-up period, including cardiovascular death (n = 17), hospitalization for unstable angina and nonfatal myocardial infarction (n = 16), sustained ventricular arrhythmia (n = 6), hospitalization for congestive heart failure (n = 16), and transient ischemia attack and stroke (n = 15). Table 2 shows the hazard ratios (HR) of the FRS category for cardiovascular events with and without adjustment for clinical, biochemical and echocardiographic parameters. Patients with ''high'' risk were significantly associated with cardiovascular events (HR 2.090, 95% confidence interval [CI] 1.144 to 3.818, P = 0.017 v.s. ''low'' risk), whereas patients with ''intermediate'' risk (v.s. ''low'' risk), did not achieve significance (P = 0.135). In addition, the univariate regression analysis showed that the presence of DM, coronary artery disease, low albumin, low hemoglobin, low eGFR, high uric acid, proteinuria, left atrial diameter .4.7 cm, left ventricular hypertrophy, and left ventricular ejection fraction ,50% were all significantly associated with an increase in cardiovascular events. The relation of ''high'' risk patients to cardiovascular events still remained significant after further adjustment for diabetes mellitus, coronary artery disease, albumin, hemoglobin, eGFR, uric acid, proteinuria, left atrial diameter .4.7 cm, left ventricular hypertrophy and left ventricular ejection fraction ,50% (HR 1.924, 95% CI 1.008 to 3.673, P = 0.047 v.s. ''low'' risk). 
Incremental Values of Biomarkers and Echocardiographic Parameters for Cardiovascular Events
The incremental values of biomarkers and echocardiographic parameters, when they were added to the FRS model in prediction of cardiovascular events, are shown in Table 3 . The addition of albumin (P,0.001), hemoglobin (P,0.001), eGFR (P,0.001), and proteinuria (P,0.001) to the FRS model significantly improved the predictive values of cardiovascular events. Similarly, the addition of LA diameter .4.7 cm (P,0.001), LVH (P,0.001) or LVEF ,50% (P = 0.003) to the FRS model also significantly improved the predictive values of cardiovascular events. Table 4 summarizes the changes in c-statistic and ROC curves analysis with calculated area under the curve (AUCs) when each new risk marker was added to the base model. The maximum change in c-statistic was observed for albumin (increase, 0.204), followed by hemoglobin, eGFR, LA diameter .4.7 cm, LVH, proteinuria, and LVEF ,50%.
Discussion
In the present study, we evaluated the association between FRS categories and cardiovascular events and whether novel biomarkers and echocardiographic parameters added to the FRS model could improve the predictive value of FRS for cardiovascular events in CKD patients over a follow-up period of 2.2 years. We found that ''high'' risk patients (v.s. ''low'' risk) were significantly associated with more cardiovascular events. Besides, the addition of albumin, hemoglobin, eGFR, proteinuria, LA diameter .4.7 cm, LVH or LVEF ,50% to the FRS model could significantly improve the predictive values for cardiovascular events in CKD patients.
The FRS is the most commonly used coronary heart disease risk prediction instrument in clinical settings by counting traditional cardiac risk factors including age, sex, systolic blood pressure, treatment of hypertension, total cholesterol, HDL-cholesterol and cigarette smoking [8] . FRS is used to quantify 10-year risk. Individuals with ''high'' risk (.20% of 10-year risk of coronary heart disease) are considered ''coronary heart disease equivalent'' and are candidates for intensive medical risk reduction and those at ''intermediate'' risk (.6 and #20% of 10-year risk) are candidates for less intensive risk factor reduction [8] . In our study, we also found that ''high'' risk categorized by FRS was significantly associated with cardiovascular events in CKD patients. Therefore, CKD patients, with ''high'' risk may need intensive medical risk reduction, as expected.
It has been discussed that traditional methods of risk adjustment might have limitations in the CKD patients [17, 26, 27] . The FRS was created using data from a population-based cohort in which the majority did not have CKD. Thus, the application of FRS in patients with CKD deserves careful evaluation and revision. In patients with renal insufficiency, other nontraditional factors were prevalent and might increase the risk of cardiovascular disease [17, 26, 27] . The excessive cardiac risk associated with CKD has been evaluated by adding eGFR, cystatin C, serum creatinine and albuminuria to the Framingham equations [11, 28, 29] . Increased levels of urine albumin excretion and decreased eGFR were shown to anticipate increased cardiac risk in CKD patients [1, 30] . In the present study, albumin, uric acid and proteinuria provided additional predictive values for cardiovascular events when added to the FRS model, which supported previous studies [30] . However, addition of several new variables to a risk prediction tool might take part of the convenience away, although it could improve the predictive value in CKD patients.
Structural and functional abnormalities of the heart in CKD patients were frequently noticed because of persistent pressure and volume overload [31, 32] . Echocardiographic measures of left ventricular function and structure as well as LA size have been reported to predict adverse cardiovascular outcomes in a variety of populations [17, [33] [34] [35] [36] . Our recent study demonstrated LA diameter .4.7 cm, LVH and LVEF ,50% could predict adverse cardiovascular events in CKD. In the present study, we found the addition of LA diameter .4.7 cm (P,0.001), LVH (P,0.001) or LVEF ,50% (P = 0.003) to the FRS model could significantly improve the predictive values for cardiovascular events other than FRS alone. Screening CKD patients by means of FRS and echocardiographic parameters might help identify a high risk group with poorer cardiovascular outcomes. Patients with significant mitral regurgitation were excluded because mitral regurgitation may influence the measurements of LA diameter, and our results could not be applied in these patients.
In conclusion, our results demonstrated that ''high'' risk categorized by FRS could predict cardiovascular events in CKD patients. Furthermore, albumin, hemoglobin eGFR, proteinuria, LA diameter .4.7 cm, LVH and LVEF ,50% could improve the predictive values of cardiovascular events when added to the FRS model. Further investigation is needed to assess whether risk prediction using these biomarkers and echocardiographic parameters could lead to more intensive care in the susceptible groups of patients and improve their clinical outcomes.
